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MENTAL MODELING METHOD AND
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s continuation of U.S. patent application
Ser. No. 14/014,486, filed Aug. 30, 2013, which claims
benefit of priority from U.S. Provisional Patent Application
No. 61/695,545, filed Aug. 31, 2012, the disclosures of
which are hereby incorporated in their entirety by reference.

A portion of the disclosure of this patent document
contains material which 1s subject to (copyright or mask
work) protection. The (copyright or mask work) owner has
no objection to the facsimile reproduction by anyone of the
patent document or the patent disclosure, as it appears in the
Patent and Trademark Ofilice patent file or records, but
otherwise reserves all (copyright or mask work) rights
whatsoever.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Preferred and non-limiting embodiments are related to a
mental modeling method and system and, in particular, to a
mental modeling method and system for producing commu-
nications that effectively address mental models.

2. Description of Related Art

People are complicated and their thinking 1s unpredict-
able. Judging a balance of benefits and risks 1n order to take
well-informed and appropriate action 1s a complex psycho-
logical process that cannot be “guessed at.” Communication
allects how people perceive benefits and risks, tradeofls,
opportunities, and challenges. By understanding 1n-depth,
people’s mental models and their key components, analysts
can focus individual judgment, decision making, and behav-
ior on selected topics using specialized communications
formulated from and tailored to them. Analysts can do so
with different sets of stakeholders on any topic anywhere in
the world.

Mental models have been studied by cognitive scientists
since the 1930°s. Decades of research demonstrate that
people’s judgments about complex issues are guided by
mental models which cannot be determined without the
appropriate empirical research. Mental models have been
described by scientists as tacit webs of belief that all people
draw upon to interpret and make inferences about 1ssues that
come to their attention through communications of all kinds.
A person’s “mental model” can be thought of as a complex
web of deeply held beliefs that operate below the conscious
level. Mental models aflect how an individual defines a
problem, reacts to 1ssues, and makes decisions about mes-
sages and options concerning topics that come to his or her
attention through commumnications. Mental models tend to
prevent people from seeing alternative perspectives and
define boundaries of thought and action, thereby limiting
people to familiar patterns of reasoning and action. Effective
analyses of mental models can 1dentily how different groups
of people think about and respond to a variety of topics,
including benefits and risks associated with activities, plans,

or proposals.

SUMMARY OF THE

INVENTION

Generally, provided 1s a mental modeling method and
system that addresses or overcomes some or all of the
deficiencies and drawbacks associated with existing knowl-
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2

edge and information modeling methods and systems for
purposes of addressing the complex psychological processes
of judgment, decision making, and behavior using commu-
nications of all kinds. An expert models/mental models
approach to address challenges presented by lay-people’s
understanding of complex issues and processes, such as
making key decisions and understanding and managing
probability, 1s provided by a mental modeling method and
system according to example embodiments. To change peo-
ple’s beliels and behaviors, one must understand and change
theirr mental models. Mental models can be addressed
through communications 1n order to better inform people’s
decision making and sustainably change key attitudes,
beliets, and behaviors. Mental models must be addressed
through precisely targeted strategies and communications
that are tailored to the key decisions confronting people.

Preferably, provided 1s a mental modeling method and
system that provides a faster, more eflicient modeling pro-
cess. Preferably, provided 1s a mental modeling method and
system that creates data-rich functional models for more
usetul and consistent application within and across an orga-
nization. Preferably, provided i1s a mental modeling method
and system that enables linking of models, merging of
models, and embedding information and data within the
functional models 1 various forms including multimedia
forms. Preferably, provided 1s a mental modeling method
and system that provides a structure for mental models that
1s based at least partly on a knowledge/current understand-
ing component, a knowledge gaps (consequential) compo-
nent, a misunderstandings (consequential) component, a
priorities component, and a trust and competence criteria
component.

According to a preferred and non-limiting embodiment, a
mental modeling method includes providing, by a processor,
at least one expert model, the at least one expert model
including an analytical framework that summarizes subject
matter expert-level knowledge. The processor may provide
at least one mental model of at least one individual that
summarizes subject matter individual-level knowledge. The
processor may modily the at least one expert model based on
the at least one mental model to provide at least one updated
expert model.

The processor may receive unstructured data and provide
at least one coding guide for coding the unstructured data to
create structured data.

The processor may data mine the unstructured data and/or
the structured data based on at least one predetermined
algorithm to automatically create at least one concept map.

The processor may provide at least one stakeholder map
based on the at least one concept map.

The expert model may be based at least partly on the
unstructured data, the structured data, and the at least one
concept map.

The processor may analyze the structured data to create
the at least one mental model.

The analyzing may include providing the at least one
mental model based on at least one of the following: a
knowledge and understanding of the at least one 1ndividual,
a gap 1n the knowledge and understanding of the at least one
individual, a misunderstanding of the at least on individual,
at least one priority of the at least one individual, a cred-
ibility of at least one communications source to the at least
one individual, or any combination thereof.

The updated expert model may include at least one
influence diagram.

The processor may link the at least one updated expert
model with a plurality of different models.
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According to another preferred and non-limiting embodi-
ment, a mental modeling system may include a computing,
device connected to at least one network, wherein the
computing device 1s configured to: acquire, from at least one
input, unstructured data; provide at least one expert model,
the at least one expert model including an analytical frame-
work that summarizes subject matter expert-level knowl-
edge; provide at least one mental model of at least one
individual that summarizes subject matter individual-level
knowledge; and modily the at least one expert model based
on the at least one mental model to provide at least one
updated expert model.

The computing device may be configured to provide at
least one coding guide for coding the unstructured data to
create structured data.

The computing device may be configured to data mine the
unstructured data and/or the structured data based on at least
one predetermined algorithm to automatically create at least
one concept map.

The computing device may be configured to provide at
least one stakeholder map based on the at least one concept
map.

The expert model may be based at least partly on the
unstructured data, the structured data, and the at least one
concept map.

The computing device may be configured to analyze the
structured data to create the at least one mental model.

The computing device may be configured to provide the
at least one mental model based on at least one of the
following: a knowledge and understanding of the at least one
individual, a gap in the knowledge and understanding of the
at least one individual, a misunderstanding of the at least one
individual, at least one priority of the at least one 1ndividual,
a credibility of at least one communications source to the at
least one individual, or any combination thereof.

The updated expert model may include at least one
influence diagram.

The computing device may be configured to link the at
least one updated expert model with a plurality of different
models.

According to still another preferred and non-limiting
embodiment, a computer program stored on a computer
memory and executing on a processor which, when used on
a computer apparatus causes the processor to execute steps
of a mental modeling method, may provide at least one
expert model, the at least one expert model including an
analytical framework that summarizes subject matter expert-
level knowledge; provide at least one mental model of at
least one individual that summarizes subject matter indi-
vidual-level knowledge; and modily the at least one expert
model based on the at least one mental model to provide at
least one updated expert model.

These and other features and characteristics of the present
invention, as well as the methods of operation and functions
of the related elements of structures and the combination of
parts and economies of manufacture, will become more
apparent upon consideration of the following description
and the appended claims with reference to the accompany-
ing drawings, all of which form a part of this specification,
wherein like reference numerals designate corresponding

parts 1n the various figures. It 1s to be expressly understood,
however, that the drawings are for the purpose of 1llustration
and description only and are not intended as a definition of
the limits of the invention. As used 1n the specification and
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4

the claims, the singular form of an’’, and “the” include
plural referents unless the context clearly dictates otherwise.

S A - B 4 4
d

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and other objects and advantages will
become apparent from the following detailed description
made with reference to the drawings 1n which:

FIG. 1A 1s a flow chart showing a mental modeling
method and system according to a preferred and non-
limiting embodiment of the present invention;

FIG. 1B 1s a flow chart of a mental modeling method
according to a preferred and non-limiting embodiment;

FIG. 2A illustrates an example data mining process;

FIG. 2B illustrates an example concept map;

FIG. 3A illustrates an example stakeholder tree;

FIG. 3B illustrates an example stakeholder map;

FIG. 4 illustrates an example expert model; and

FIG. 5 illustrates an example updated expert model that
has been modified based on one or more mental models;

FIG. 6 1illustrates an example expert model modified by
multiple mental models to generate an updated expert
model;

FIG. 7 illustrates linking between an example expert
model and an example mental model according to a pre-
ferred and non-limiting embodiment;

FIG. 8 1s a flow chart showing a process for mental
models communications planming and evaluation; and

FIG. 9 1llustrates a block diagram of a computer system
according to principles of the present invention.

L1

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

For purposes of the description heremafter, the terms
“end”, “upper”, “lower”, “right”, “left”, “vertical”, “hori-
zontal”, “top”, “bottom”, “lateral”, “longitudinal” and
derivatives thereol shall relate to the invention as 1t 1s
oriented 1n the drawing figures. However, it 1s to be under-
stood that the invention may assume various alternative
variations and step sequences, except where expressly speci-
fied to the contrary. It 1s also to be understood that the
specific devices and processes 1llustrated in the attached
drawings, and described in the following specification, are
simply exemplary embodiments of the invention. Hence,
specific dimensions and other physical characteristics
related to the embodiments disclosed herein are not to be
considered as limiting.

As used herein, the terms “communication” and “com-
municate” refer to the receipt or transfer of one or more
signals, messages, commands, or other type of data. For one
unit- or component to be 1 commumcation with another
unit or component means that the one unit or component 1s
able to directly or indirectly receive data from and/or
transmit data to the other unit or component. This can refer
to a direct or indirect connection that may be wired and/or
wireless 1n nature. Additionally, two units or components
may be 1n communication with each other even though the
data transmitted may be modified, processed, routed, and the
like, between the first and second unit or component. For
example, a first umit may be in communication with a second
unit even though the first unit passively receives data, and
does not actively transmuit data to the second unit. As another
example, a first umit may be in communication with a second
unit 1f an mtermediary unit processes data from one unit and
transmits processed data to the second unit. It will be

appreciated that numerous other arrangements are possible.




US 11,205,130 B2

S

A simple model of persuasive communication envisions
people recerving expert advice and following the received
advice as instructed. A simple model of non-persuasive
communication envisions people receiving authoritative
information that 1s relevant and useful for decision making
purposes and using the received mformation to make inde-
pendent decisions. For either simple model of communica-
tion to work, people must accept the content of the com-
munications without further explanation.

At times, however, people want to know why communi-
cations make their claims. That 1s, people need qualitative
information about the processes at play or in which they are
involved that create the risks and benefits that their actions
might bring—whether they follow a recommendation or
make the choice on their own. One reason why qualitative
information 1s needed 1s to evaluate claims by seeing the
evidence supporting the claims. A second reason 1s to master
a topic to be able to act more eflectively, adapt to changing
circumstances, and make sense of competing claims. A third
reason 1s to have a warranted feeling of seli-eflicacy, which
comes with understanding one’s environment. A fourth
reason 1s to receive the respect that comes with being offered
an explanation, rather than being expected to accept claims
on faith.

Creating communications for qualitative information fol-
lows some similar steps as creating communications for
quantitative information. Identify the most relevant infor-
mation, determine stakeholders or audience members’ cur-
rent beliets, draft messages focused on critical gaps, evalu-
ate the drafts, revise the drafts as needed, and assess the
resulting communication’s adequacy, relative to the
demands placed on the communication. An added burden on
qualitative communications 1s that recipients must be able to
integrate the new information with their existing beliefs.
Unless the recipients can create a coherent mental model
from all they have learned, the new information will con-
fuse, rather than inform them.

More specifically, a process for creating communications
for qualitative information determines what information
people need to know 11 they are to understand the processes
creating the risks and benefits that could follow from their
decisions; characterizes their current beliefs 1n terms that
enable comparing them with the analysis of what they need
to know; and designs, evaluates, refines, and re-evaluates
communications that seek to bridge critical knowledge gaps.
If successtul, qualitative communications leave recipients
with a warranted sense of having mastered the relevant
aspects of a topic, enabling them to make effective decisions
on their own and evaluate recommendations made by others.

A goal of communication 1s not to achieve general mas-
tery of a domain, as measured by tests of financial, health,
or climate literacy but, rather, to ensure that people know the
facts germane to specific decisions, building on their exist-
ing mental models. Depending on the decision and their
prior knowledge, people may need to learn a little or a lot.
One task for communication content 1s thus to help people
make sense of what communications, or messages, they are
receiving and integrate them into their existing mental
models, typically using a non-persuasive approach. Non-
persuasive communications avoild the use of spin and rec-
ommendations and perform more in a decision support or
enabling mode for audiences or stakeholders.

A mental modeling system according to preferred and
non-limiting embodiments may comprise the following
functional modules or components for producing commu-
nications that effectively address mental models: an expert
modeling component; a mental models research component;
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6

and a preparation component for preparing of testable pro-
totypical strategies and communications in the form of text,
graphical representations, multimedia representations, €.g.,
amimation, and interactive representations, €.g., navigation.
A mental modeling method according to preferred and
non-limiting embodiments may comprise an expert model-
ing process; a mental models research process; and a prepa-
ration process for preparing of testable prototypical strate-
gies and communications 1n the form of text and graphical
representations.

The expert modeling component or process creates an
analytical framework, 1.e., an expert model that summarizes
subject matter expert-level knowledge and establishes the
mental models research framework 1n terms of hypotheses
about stakeholders” decision-making processes. If initiatives
and communications are to be well informed and authori-
tative, they must reflect current understanding among the
experts 1n relevant fields. Experts may include managers 1n
various functions and at different levels 1n orgamzations.
Experts may also include subject matter experts across a
wide range of fields. Accordingly, one step 1n orgamizing
initiatives or determining the content and focus of commu-
nications 1s integrating the knowledge of experts in a way
that can be focused and managed over time.

When chosen for their expertise, an expert 1s likely to
know much more than most other people need to know 1n
order to make judgments about a topic at hand. Some expert
knowledge 1s likely to be arcane. Some expert knowledge
may simply be irrelevant to critical decisions people are
facing. Often times, expert knowledge can be too detailed,
or peripheral, to be useful 1n guiding 1nitiative and commu-
nication development. To be eflective, the expert modeling
component or process encourages and enables participants
to think systematically about their knowledge, that of others,
and the system 1n which the knowledge must be applied. The
expert modeling component or process stimulates experts to
look at what they know 1n new ways. The expert modeling
component or process enables collection and integration of
expert-level knowledge into a functional model enabling
more eflicient communication of that knowledge while also
carefully focusing experts’ knowledge and knowledge shar-
ing activity. Since the expert modeling component or pro-
cess compels close collaboration, expert modeling experi-
ences can build positive relationships among participants
and long-lasting coalitions. Fach expert modeling session
produces a model and relationships with staying power, 1.¢.,
an expert model that can be used by many different people
in different ways and adapted far into the future on the topic
as new 1ssues arise or new information becomes available.

In a mental modeling method and system according to a
preferred and non-limiting embodiment, directed graphs of
varying kinds may be used to depict various kinds of
models, e.g., expert models and mental models. For
example, influence diagrams may be used to depict expert
models and mental models. An influence diagram describes
a system of variables (nodes) and their relationship (con-
nection) and influence on mental models and outcomes for
judgment, decision making, and behavior. In such graphs, an
arrow or connector between two nodes indicates that the
node at the arrow’s tail exerts some influence on the node at
the arrow’s head. Knowing the value or weight of one node
helps predict the same for another node. For example, an
influence diagram of the weather might include an arrow
from an oval representing sunshine to an oval representing
air temperature, because sunshine 1s a factor that influences
air temperature. That 1s, knowing how sunny 1t 1s or will be
helps 1 predicting the temperature. Influence diagrams
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allow eflective communication among experts and between
experts and non-experts; ensure no critical knowledge 1s
missed or overlooked; allow a mutually respectiul way for
communicators and technical experts to ensure they under-
stand one another; ensure only decision-relevant informa-
tion 1s included; can be applied to virtually any situation; are
compatible with expert’s conventional way of thinking;
make communication with non-experts more tractable to
skeptical experts by decomposing the task into manageable
pieces; fit with a decision-making perspective; provide a
strong, flexible framework for obtaining systematic assis-
tance from experts as well as documenting the assumptions
underlying information; and can be readily subjected to peer
review. To critical expert knowledge into an influence dia-
gram, the process works from a simple model to more
detailed versions. The process 1s iterative as experts review
one another’s work and reflect on theirr own work.

As shown 1n FIG. 4, an expert model may comprise an
influence diagram 1llustrating an overall system. The 1nflu-
ence diagram summarizes technical knowledge about a topic
and 1illustrates mputs and outputs determining and defining
the system’s performance. For example, each node (oval) in
FIG. 4 represents a variable (or vector of variables, mea-
suring different aspects of a common factor) of the expert
model, and an arrow between two nodes indicates that
knowing the value of the node at the arrow’s tail helps in
predicting the value of the variable at 1ts head. The term
influence diagram thus reflects the fact that beliefs about the
former vaniable influence beliefs about the latter. There may
also be a causal relationship between linked vanables, or
there may simply be an informational link. A simple expert
model outlines primary relationships. A Detailed Expert
Model, as shown 1n FIG. 4, depicts a next level of variables
and 1nfluences and, 1t applicable, elaborates on specific
topics. An expert model may be defined in terms that are
compatible with creating a computational version, capable
of estimating impacts. With such a complicated system, the
data demands of such computations are very large. However,
the discipline of ensuring compatibility of that goal gives the
model 1its rigor.

The mental models research component or process 1s
based at least partially on the analytical framework, 1.e., the
expert model, and reveals, characterizes in-depth and pres-
ents visualizations of mental models. The mental models
research component or process comprises qualitative and
quantitative research processes or mstruments.

The mental models research component or process com-
prises performance of individual, one-on-one interviews,
leading participants through a jointly determined agenda of
topics. The one-on-one situation helps to approximate the
decision-making environment within which most people
form their attitudes toward an organization or industry. The
method allows free expression and encourages elaboration
on topics 1 order to reveal individual perspectives at
considerable depth. Interviewees can readily raise topics that
most interest them, but which may be outside of specific
questions. Because a full set of beliefs 1s elicited from each
interviewee, structured analyses of interview results can be
performed by the mental models research component or
process. Analysts may 1dentily at least five major compo-
nents of a mental model summarized generally as what
people believe and why they believe 1t, as well as compare
analyses over time and provide insights into why beliefs
may have changed, on the topics at hand. The mental models
research component or process produces richer results more
elliciently than can the equivalent time and eflort invested 1n
other interview research instruments such as opinion polls or
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focus groups. Twinned with a structured approach to devel-
oping an interview sample, the mental models research
component or process also characterizes communication
networks 1n communities where it 1s applied. The mental
models research component or process may be used eflec-
tively 1n combination with opinion surveys and focus groups
and, 1n such cases, the mental models research 1s performed
first 1n order to design properly constituted focus groups and
opinion research instruments. Moreover, a process ol con-
ducting mental models research 1s a respectiul one. Inter-
viewers themselves often begin to create relationships with
participants. Mental models research has demonstrated that
even participants who are skeptical of a company or industry
often express satisfaction with a process that allows both
parties to hear one another out.

Accordingly, the mental models research component or
process leads an individual through an agenda of topics,
allowing free expression and encouraging elaboration on
topics, 1 order to reveal individual perspectives at depth.
Structured analyses are performed by the mental models
research component or process, 1n data form, a full set of
beliets that 1s elicited from each respondent. The structured
analyses comprise the coding of interview transcripts, auto-
matic analyses of coded data, and production of various
types of reports including a statistical summary of beliefs
and visualizations of mental models. Analysts are thus able
to 1dentity what people believe and why they believe it.

From mental models research results, properly constituted
group discussion and opinion polling may be formulated and
deployed to identily additional elements of mental models
and their prevalence across large populations. Group dis-
cussion, often called a “focus group”, leads a small set of
individuals together through an agenda of topics, formulated
in a general way to allow free expression, within the
constraints of group dynamics. Opinions are often inter-
preted and summarized impressionistically. One challenge
this method presents 1s the need to sort out group influences
and lines of thought that could not be pursued fully by the
individuals. Opinion polling poses a fixed set of structured
questions on an individual basis to a large number of people.
Answers are directly subjected to statistical analyses, with
no intervening interpretation. The results of these analyses
are interpreted in terms of how respondents understood the
questions and might have responded to alternative interpre-
tations. Opinion polling typically reflects what people
believe, not why they believe 1t. A mental modeling method
and system according to preferred and non-limiting embodi-
ments may comprise any ol the mental models research,
group discussion, and opinion polling functions or compo-
nents, as well as analysis thereof. For example, 11 individu-
als’ decisions are formulated and expressed 1n group set-
tings, then appropriately constituted focus groups are
possible. Often, a structured survey can be built upon
open-ended procedures, 1n order to collect larger sets of data.

With fixed resources, a mental modeling method and
system according to preferred and non-limiting embodi-
ments may analyze fewer mental models interviews than
structured surveys. As a result, the prevalence of particular
beliels may be estimated with less precision. However,
many practical decisions do not require great precision.
Rather, only beliets that are held with any great frequency 1n
the target population may need to be known. For example,
resulting actions may not be different 1f the rate 1s 30% or
50%; either rate addressing the concern. In general, a sample
size for mental models research should depend on the
precision-required. A sample of about 30 people may pro-
vide a desired chance of eliciting any belief held by as few
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as 5% of the population and a reasonable margin of error
around frequency estimates: Benefits of such small sample
s1zes also include: showing that at least some people 1n that
community have been consulted; determiming 11 the general
framing of the i1ssue makes sense, and whether a larger
sample would be worth undertaking (i.e., are people willing
to talk); and looking at variables that recur across subpopu-
lations, 11 1nteractions are 1gnored. For example, there might
be 20 women and 20 men spread across sample populations.
If one assumes that gender has the same effects 1n all
stakeholder groups, then one has a reasonable sample of men
and women.

Benefits from the best of both methods may be achieved
if the mental models 1interviews are followed with structured
surveys based on results of mental models research. The
structured surveys may be administered to many people,
with questions that take advantage of knowing what to ask
about and how to ask about it. The structured surveys
provide less rich results than mental models interviews.
However, much less quality is sacrificed in the course of
gaining greater quantity as compared to a structured survey
conducted without the benefit of systematic mental models
work. One exception to this rule arises when the commu-
nication act of a mental models interview 1s so important that
it should not be supplanted by the more 1mpersonal struc-
tured survey.

Communications 1n the form of text, graphical, audio, and
other multimedia representations are produced based on an
expert model updated, modified, or imformed by mental
models research results (data) which has been produced by
the mental models research component or process and the
preparation component and/or process so that the commu-
nications eflectively influence mental models, for example,
by informing the mental models 1 such a way as to
complete or correct them relative to, and 1n better alignment
with, expert-level knowledge.

FIG. 1A 1s a tlow chart showing a mental modeling
method and system according to a preferred and non-
limiting embodiment of the present invention. FIG. 1B 1s a
flow chart of a mental modeling method according to a
preferred and non-limiting embodiment. A mental modeling
method and system according to a preferred and non-
limiting embodiment comprises one or more soltware mod-
ules that enable functions and/or components of the mental
modeling method and system to be completed more accu-
rately and efliciently. The mental modeling system com-

prises an expert modeling function or component; an analy-
s1s function or component for analyzing mental models
research data; a reporting function or component for report-
ing mental models research data against the expert model to
create visualizations of mental models; and a preparation
function or component for preparing prototypical strategy
and communications 1n model form.

A software module, e.g., a Cognitive Analysis Software
Suite (CASS), provides a management process configured to
provide the mental modeling method and system based on
drivers and outcomes. For example, the CASS provides a
series of functions that support and/or enable performance of
tasks within the management process for mental modeling.
More detail on the CASS providing a mental modeling
method and system according to a preferred and non-
limiting embodiment 1s described 1n Appendix A.
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Mental models research typically i1dentifies many more
concepts than can be eflectively conveyed 1n most commu-
nication modes. Research also allows documentation of
people’s current mental 1images (e.g., pictures), vocabulary,
processes (e.g., causal chains), and beliefs and their under-
lying rationale. Given all this information as raw material for
communication, one stage 1 developing strategy and com-
munications for addressing people’s mental models 1s to set
priorities for each.

With a fully computational expert model and a full set of
parameter estimates, the impact of providing diflerent pieces
of missing (in current mental models) information may be
computed. For example, the percentage of people whose
decisions would change as a result of providing each piece
of information may be computed. More heuristic methods
may be used. However the logic 1s the same, communica-
tions focus on the information that has the greatest impact on
the greatest portion of the audience or stakeholders and 1s
relevant and useful to them for decision making purposes.

An 1individual’s mental model may comprise a knowl-
edge/current understanding component, a knowledge gaps
(consequential) component, a misunderstandings (conse-
quential) component, a priorities component, and a trust and
competence criteria component.

Using an expert model as an analytical framework, vari-
ous analyses of coded unstructured data, such as interview
results, are conducted to reveal and characterize in-depth the
make-up of a mental model as well as the content of each
component ol the mental model. Analyses can also be
conducted to identily values, opinions, attitudes and emo-
tion (affect). This combination of make-up and content 1s
mapped against or onto the expert model resulting in two-
dimensional or three-dimensional colorized visualizations of
the mental model.

As described 1in more detail in Appendix A, an eCASS
module of the CASS software module provides model
drawing, stakeholder maps, a navigation mode, and data
mining functions or components, and a cCASS module of

the CASS software module provides functions or compo-
nents for coding of qualitative and quantitative data and
analysis of the coded data. The cCASS module and eCASS
module interface with each other in the CASS software
module such that the CASS 1s configured to perform a
mental modeling method as shown 1 FIG. 1B. The CASS
1s configured to create an expert model, create a coding
guide based on the expert model, collect data about mental
models, code the data, analyze the coded data, produce
visualizations of mental models, modily the expert model
based on the analyzed data to create a updated expert mental
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model, and create communications intended to influence
(complete and correct) the mental models of target groups or
audiences.

A model comprises nodes (instances of variables) and
connectors (instances of relationships). Fach node has
assigned properties. The properties may include color,
shape, size, etc., and the properties of each node may be
predetermined by a library or changed by a user of the
modeling system. Each connector provides a connection
between two different nodes. Models may be created from
templates stored 1n a library of the mental modeling system
or from scratch by a user.

A first step 1n a mental modeling method according to a
preferred and non-limiting embodiment 1s to determine a
goal or mission, 1.e., what are the mental modeling and/or
communications intended to accomplish.

The mental modeling method and system collects or
receives and stores unstructured data based on the goal or
mission ol the mental modeling. The unstructured data (or
unstructured mformation) comprises iformation that either
does not have a pre-defined data model or 1s not organized
in a pre-defined manner. Unstructured information 1s typi-
cally text-heavy, but may comprise dates, numbers, and
tacts. This results 1n 1irregularities and ambiguities that make
the unstructured information dithcult to understand using
traditional computer programs as compared to data stored in
ficlded form 1n databases or annotated (semantically tagged)
in documents. The unstructured data includes literature,
news, 1nterviews, etc. For mental modeling purposes,
unstructured data 1s collected through first, secondary
research including collection of texts, sound files, videos,
email files, and web page review, and later complemented by
data produced through elicitations, e.g., interviews, which
are mined by the mental modeling research function or
component using automatic text and data mining techniques
to reveal and map patterns of concepts that represent base or
first order mental models.

The unstructured data 1s coded to create structured data.
For example, the unstructured data 1s sorted or “tagged” with
appropriate codes to enable machine analyses. The struc-
tured data includes surveys, databases, models, etc. The
coding comprises applying tags (codes) to the unstructured
data based on a coding guide. The coding guide may be
based on an interview protocol, and the interview protocol
may be based on the expert model. The expert model
provides information about answers which should be
obtained and about questions which should be asked. The
soltware 1implementation enables importing expert model
items as codes and then exporting coding results back to the
expert model to modily 1tems, e.g., highlight items, etc. A
process including developing the mterview protocol and the
coding guide may be performed by the software module. For
example, a visual tool may provide visual development of
survey templates, short notes, etc. The tags comprise codes
including short strings of letter and number combinations
prepared by an expert coder. A coder may create question
codes 1 a code library that are automatically applied to a
document when the document 1s imported. By applying tags
to the data based on the coding guide, the analyst 1s not
required to mterpret or make a judgment about the data, but
merely to enable machine sorting and sifting of the data.
Accordingly, bias from analysts 1s not imparted to the coded
data and resulting mental models.

A coding module, e.g., in the cCASS software, 1s config-
ured to automatically code documents. The coding module
creates a library of key terms or codes 1n the cCASS code
library. The coding module imports one or more documents,

10

15

20

25

30

35

40

45

50

55

60

65

12

¢.g., 1n the .txt format, opens the one or more documents,
and tags instances of the codes, terms, and/or phrases that
appear in the document. For example, the coding module
compares each word or phrase from the document with each
word or phrase from a name and description of each code.
The corresponding tag 1s added to the sentence if a match
word or phrase i1s determined by the coding module. The
coding module may use a blacklist (e.g., 1ignore words from
/cCASS/data/blacklist) and the English morphology (e.g.,
removing stems of words) to compare words/phrases in the
coding library to words/phrases 1n the one or more docu-
ments. Accordingly, the unstructured data may be coded by
the coding module or by an analyst, or by a combination of
the coding module and the analyst.

FIG. 2A illustrates an example data mining process, and
FIG. 2B illustrates an example concept map. The unstruc-
tured data and/or the structured data 1s data mined based on
pre-set algorithms comprising a data mining function in the
CASS software to automatically create one or more concept
maps. The concept maps may be refined by an analyst to
highlight primary signals 1n the data and reduce or eliminate
noise 1 the data by 1gnoring certain words, variables,
relationships, etc. If multiple concept maps are created, the
multiple concept maps may be combined to create a sum-
mary concept map. The multiple concept maps may be
combined in different ways, for example, a concept map
with differences between combined models may be created.
The concept map 1s created based on the unstructured data,
the structured data and the goal/mission of the mental
modeling method.

Data Miming 1s integrated into the expert and mental
modeling function or component and 1s performed to gather
information from text, web, social media, and other infor-
mation sources. The gathered mmformation may be used to
structure expert and mental modeling problems, or to assess
the components ol expert models and mental models. For
text mining, at least four different customizable text mining
engines (linguistic and statistics tools) may be used depend-
ing on text quality and volume. More text mining engines
and tools can be implemented if needed. News articles or
any other text can be used as a source text for text mining.
For example, for news article style texts, more sophisticated
and accurate text mining engines can be used. Diflerent
options can be used to gather required information using text
mining. For example, some options can be used to get rid of
unwanted concepts and relationships. Depending on selected
options concept maps, variables, relationships, and/or ret-
erences can be generated.

Similar to text miming, web and social media mining tools
may be used to gather information and create expert models
and mental models, and variables, relationships, and concept
maps can be generated from the mined data.

Generated concept maps may be cleaned up by combining,
similar concepts, and removing unwanted ones. Concept
maps may be combined together in different ways. For
example, a summary map can be automatically generated by
combining all generated concept maps. FIG. 2B shows an
example summary concept map that was created by com-
bining two different concept maps which were generated by
data mining the text of two newspaper articles. An expert
model may be a cleaned and refined concept model. An
analyst and/or an expert may modily a concept model based
on his or her expertise and knowledge to create an expert
model. The mental modeling method and system may
improve variable and relationship models to provide more
and more cleaned, refined, and meaningiul concept models
with each step of data mining and/or with each use of
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set/graph theory operations. For example, an analyst or
expert improves variable and relationship model libraries by
indicating which variables or relationships should be treated
similarly and which variables and relationships should be
ignored to develop a simple ontology of the considered
problem. The expert model 1s 1teratively generated based on
the variable and relationship model libraries with each step
of data mining and/or with each use of set/graph theory
operations. This ontology based training may perform an
automated transition from concept models to an expert
model.

FIG. 3A illustrates an example stakeholder tree. FIG. 3B
illustrates an example stakeholder map. A stakeholder map
maps entities associated with the topic of the mental model
research. The expert model and other models may be linked
to the stakeholder map such that a user of the system can
click through the stakeholder maps or the expert model to
view relationships. Although data mining 1s used to generate
new concept maps, stakeholder maps are used to visualize
existing concept maps. A certain kind of concept map, a
stakeholder tree, may be created based on the data mining to
automatically generate a radial tree map, 1.¢., the stakeholder
map. The process treats some concepts as stakeholder
groups and others as individual stakeholders to generate the
stakeholder map. Relationships between concepts are used
to place stakeholder groups and stakeholders into the stake-
holder map. The example stakeholder tree as shown 1n FIG.
3A may be used to create the example stakeholder map
shown 1 FIG. 3B. By clicking on a node 1n the stakeholder
tree or on a wedge 1n the stakeholder map, a user 1s taken to
a model that was linked to the particular stakeholder.

FIG. 4 illustrates an example expert model. An 1nitial or
base expert model 1s created by an analyst from relevant
secondary research and automatic data miming of some or all
of the unstructured data collected 1n the secondary research
process. The base model 1s a limited and simplified first
version, or first order rendering, of an expert model from the
relevant data. The base model 1s typically iterated with
various relevant subject matter experts. From the base
model, an analyst prepares a protocol (e.g., semi-structured
questionnaire) to use in order to elicit more information
about the model from relevant experts. That information 1s
used by the analyst to modity the base model as appropriate.
An expert model, which 1s created and validated through one
or more iterations with experts, 1s used as the basis for
developing the mental models interview guide or protocol
and the library of codes for enabling analysis of interview
results/data.

In a mental modeling method and system according to a
preferred and non-limiting embodiment, relevant structured
data, relevant unstructured data, and the one or more concept
maps are analyzed to produce the initial or base expert
model. The base expert model typically shows how relevant
subject matter experts understand the topic/problem and its
specific 1ssues, operations and opportunities. Target or
sample groups of relevant non-experts (who are the focus of
communications) are prepared. Individual mental models of
the members of the sample groups are elicited through
one-on-one interviews. Individual interview results (verba-
tim text) are coded using a library of codes prepared by an
expert coder. The analysis comprises filtering the coded data
using tags/codes, Boolean search, etc. The analysis may
create a variety of reports including a word cloud, a code
cloud, a keyword cloud, eftc.

FIG. § illustrates an example updated expert model that
has been modified based on one or more mental models.
FIG. 6 1llustrates an example expert model modified by
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multiple mental models to generate an updated expert
model. An expert model may be an influence diagram that
represents and comprises expert-level knowledge on a par-
ticular topic. FIG. 7 illustrates between an example expert
model and an example mental model according to a pre-
terred and non-limiting embodiment. For example, analyses
of various categories ol coded mental models data are
performed automatically and semi-automatically. The cat-
egories of data are 1llustrated as nodes (circles) between the
expert model function and mental models data inventory.
Links from the nodes to the rectangles 1llustrate data sorting,
analysis, and mapping functions.

Mental models are natural phenomena. All people have
mental models of one topic or another and use them to learn,
make judgments and decisions and act on both. A mental
model can be displayed or illustrated 1n many ways. FIG. 6
illustrates example mental models Visualized as colorized
versions of an influence diagram. However, preferred
embodiments are not limited thereto, and decision trees and
other 1llustrative techniques may be used to describe and
visualize mental models.

FIG. 8 1s a flow chart showing a process for mental
models communications planming and evaluation. Each indi-
vidual’s mental model may be determined based on and
comprise a knowledge/current understanding component, a
knowledge gaps (consequential) component, a misunder-
standings (consequential) component, a priorities compo-
nent, and a trust and competence criteria component.

The knowledge/current understanding component
addresses what people know/understand as correct. The
knowledge/current understanding component 1s determined
based on current knowledge and understanding, information
people may have/know now but 1s important to having a
complete and correct mental model, and that they may have
forgotten. The knowledge/current understanding component
may comprise visuals, images (e.g., of physical/tangible
objects, facilities, etc.), stories, scripts, narrative (in particu-
lar 11 processes must be understood), analogies, compari-
sons, examples or sets of similar mental models, precise or
controlled vocabulary (in particular 1f unfamiliar, jargon or
technical terms are required for understanding), beliets and
underlying rationale, assumptions, facts, numbers, behav-
10rs, and demonstrations.

The knowledge gaps component addresses what people
secem not to know (gaps) but that 1s consequential for
decisions and behavior. The knowledge gaps component 1s
determined based on {filling the consequential knowledge
including information that 1s relevant and usetul for decision
making but that people do not currently know. The knowl-
edge gaps component may comprise visuals, images (e.g., of
physical/tangible objects, facilities, etc.), stories, scripts,
narrative (1n particular if particular processes must be under-
stood), analogies, examples or sets of similar mental models,
precise or controlled vocabulary (especially if unfamiliar,
jargon or technical terms are required for understanding),
beliefs and underlying rationale, assumptions, facts, num-
bers, behaviors, and demonstrations.

The misunderstandings component addresses what people
secem to misunderstand (misconceptions), 1n particular
cause-and-eflect relationships. The misunderstandings com-
ponent 1s determined based on resolving misconceptions and
myths that are consequential including mmformation that 1s
relevant and useful for decision making and that corrects
important errors 1 understanding. The misunderstanding
component may comprise visuals, images (e.g., of physical/
tangible objects, facilities, etc.), stories, scripts, narrative (in
particular 1f certain processes must be understood), analo-
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gies, examples or sets of similar mental models, precise or
controlled vocabulary (in particular 11 unfamiliar, jargon or
technical terms are required for understanding), beliets and
underlying rationale, assumptions, facts, numbers, behav-
10rs, and demonstrations.

The priorities component addresses what people have
noted are interests or priorities for communications and
action. The priorities component 1s determined based on
topics or 1ssues people/stakeholders have indicated are
important to understand and information that is relevant and
usetul for decision making and that can be linked directly to
an expressed interest, priority or need of stakeholders. The
priorities component may comprise visuals, images (e.g., of
physical/tangible objects, facilities, etc.), stories, scripts,
narrative (in particular 1f particular processes must be under-
stood), analogies, examples or sets of similar mental models,
precise or controlled vocabulary (in particular 11 unfamailiar,
jargon or technical terms are required for understanding),
beliets and underlying rationale, assumptions, facts, num-
bers, behaviors, and demonstrations.

The trust and competence criteria component addresses
factors influencing people’s judgment of the trustworthiness
and competence (credibility) of communications sources
and communications themselves. The trust and competence
criteria component 1s determined based on a judgment of
credibility including perceived trustworthiness and per-
ceived competence and information that matches/responds
to credibility criteria identified in mental models research.
The trust and competence criteria component may comprise
behaviors, demonstrations, clear/demonstrated commit-
ment: “homework™, demonstration of listening and empathy,
visuals, 1mages (e.g., of physical/tangible objects, facilities,
etc.), stories, scripts, narrative (e.g., personalized narrative),
corrections, explanations and apologies for past errors/mis-
understanding or failures, analogies, examples or sets of
similar mental models, precise or controlled vocabulary (in
particular 1f unfamiliar, jargon or technical terms are
required for understanding), beliefs and underlying ratio-
nale, assumptions, facts, and numbers.

The models provided by a mental modeling method and
system according to preferred and non-limiting embodi-
ments are functional models. A user of the mental modeling
system may operate the models. For example, a user may
click through models to view other models or additional
information linked to the model. The models may be com-
putational. For example, an influence diagram may be
modified to be computational. A navigation function or
component enables a user of the mental modeling method
and system to focus on certain aspects of the models, for
example, to navigate through a model step-by-step. Fach
step may show only nodes of the model that are within
“visible range” of the selected node. A default visibility
range may be a one-node distance. If the visibility range 1s
one node, only neighbor nodes directly connected to the
selected node are shown. Clicking on a neighbor node
displays that node’s neighbors.

An expert model may be modified or influenced by the
one or more mental models. For example, the expert model
may be modified by painting with a heat map eflect to
visualize 1n two-dimensions an impact of mental models on
the expert model. The expert model may be weighted with
mental model data to reveal the pattern of people’s thinking,
represented by one or more mental models. The modifica-
tions to the expert model based on the one or more mental
models may structurally alter the expert model, e.g., add or
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remove model items, render the expert model three-dimen-
sionally, and/or link the expert model to one or more mental
models.

The updated expert model, which has been modified by
the mental models as described above, 1s used to determine
what must be communicated and how it should be commu-
nicated. For example, an analyst creates communication and
performance factors based on the updated expert model. The
created communications are used to inform decision mak-
ing, change beliefs, and change behaviors.

The updated expert mental model 1s also used by analysts
to determine how people address risk factors in their deci-
sion making. For example, the updated expert mental model
1s analyzed to determine decision and risk factors that
influence decision making. The decision and risk factors
include uncertainty, preferences, and risk.

The present invention may be implemented on a variety of
computing devices and systems, wherein these computing
devices 1nclude the appropriate processing mechanisms and
computer-readable media for storing and executing com-
puter-readable instructions, such as programming instruc-
tions, code, and the like. As shown i FIG. 9, personal
computers 900, 944 1n a computing system environment 902
are provided. This computing system environment 902 may
include, but i1s not limited to, at least one computer 900
having certain components for appropriate operation, execu-
tion of code, and creation and communication of data. For
example, the computer 900 includes a processing unit 904
(typically referred to as a central processing unit or CPU)
that serves to execute computer-based nstructions recerved
in the appropriate data form and format. Further, this pro-
cessing unit 904 may be 1n the form of multiple processors
executing code 1n series, in parallel, or 1n any other manner
for appropriate 1mplementation ol the computer-based
instructions.

In order to facilitate appropriate data communication and
processing information between the various components of
the computer 900, a system bus 906 1s utilized. The system
bus 906 may be any of several types of bus structures,
including a memory bus or memory controller, a peripheral
bus, or a local bus using any of a variety of bus architectures.
In particular, the system bus 906 facilitates data and infor-
mation communication between the various components
(whether internal or external to the computer 900) through
a variety ol interfaces, as discussed hereinaftter.

The computer 900 may include a variety of discrete
computer-readable media components. For example, this
computer-readable media may include any media that can be
accessed by the computer 900, such as volatile media,
non-volatile media, removable media, non-removable
media, etc. As a further example, this computer-readable
media may include computer storage media, such as media
implemented 1n any method or technology for storage of
information, such as computer-readable mstructions, data
structures, program modules, or other data, random access
memory (RAM), read only memory (ROM), electrically
erasable programmable read only memory (EEPROM), flash
memory, or other memory technology, CD-ROM, digital
versatile disks (DVDs), or other optical disk storage, mag-
netic cassettes, magnetic tape, magnetic disk storage, or
other magnetic storage devices, or any other medium which
can be used to store the desired information and which can
be accessed by the computer 900. Further, this computer-
readable media may include communications media, such as
computer-readable 1nstructions, data structures, program
modules, or other data in a modulated data signal, such as a
carrier wave or other transport mechanism and include any
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information delivery media, wired media (such as a wired
network and a direct-wired connection), and wireless media
(such as acoustic signals, radio frequency signals, optical
signals, inirared signals, biometric signals, bar code signals,
etc.). Of course, combinations of any of the above should
also be included within the scope of computer-readable
media.

The computer 900 further includes a system memory 908
with computer storage media 1 the form of volatile and
non-volatile memory, such as ROM and RAM. A basic
input/output system (BIOS) with appropriate computer-
based routines assists in transferring information between
components within the computer 900 and 1s normally stored
in ROM. The RAM portion of the system memory 908
typically contains data and program modules that are imme-
diately accessible to or presently being operated on by
processing unit 904, e.g., an operating system, application
programming interfaces, application programs, program
modules, program data, and other instruction-based com-
puter-readable codes.

With continued reference to FIG. 9, the computer 900
may also include other removable or non-removable, vola-
tile or non-volatile computer storage media products. For
example, the computer 900 may include a non-removable
memory interface 910 that communicates with and controls
a hard disk drive 912, 1.e., a non-removable, non-volatile
magnetic medium; and a removable, non-volatile memory
interface 914 that communicates with and controls a mag-
netic disk drive unit 916 (which reads from and writes to a
removable, non-volatile magnetic disk 918), an optical disk
drive unit 920 (which reads from and writes to a removable,
non-volatile optical disk 922, such as a CD ROM), a
Universal Serial Bus (USB) port 921 for use 1n connection
with a removable memory card, etc. However, 1t 1s envi-
sioned that other removable or non-removable, volatile or
non-volatile computer storage media can be used 1n the
exemplary computing system environment 902, including,
but not limited to, magnetic tape cassettes, DVDs, digital
video tape, solid state RAM, solid state ROM, etc. These
various removable or non-removable, volatile or non-vola-
tile magnetic media are 1n communication with the process-
ing unit 904 and other components of the computer 900 via
the system bus 906. The drives and their associated com-
puter storage media discussed above and illustrated in FIG.
9 provide storage of operating systems, computer-readable
istructions, application programs, data structures, program
modules, program data, and other instruction-based com-
puter-readable code for the computer 900 (whether dupli-
cative or not of this imnformation and data in the system
memory 908).

A user may enter commands, information, and data into
the computer 900 through certain attachable or operable
input devices, such as a keyboard 924, a mouse 926, etc., via
a user input interface 928. Of course, a variety of such input
devices may be utilized, e.g., a microphone, a trackball, a
joystick, a touchpad, a touch-screen, a scanner, etc., includ-
ing any arrangement that facilitates the mnput of data, and
information to the computer 900 from an outside source. As
discussed, these and other input devices are often connected
to the processing unit 904 through the user mput interface
928 coupled to the system bus 906, but may be connected by
other interface and bus structures, such as a parallel port,
game port, or a universal serial bus (USB). Still further, data
and information can be presented or provided to a user 1n an
intelligible form or format through certain output devices,
such as a monitor 930 (to visually display this information
and data 1n electronic form), a printer 932 (to physically
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display this information and data in print form), a speaker
934 (to audibly present this information and data in audible
form), etc. All of these devices are 1n communication with
the computer 900 through an output interface 936 coupled to
the system bus 906. It 1s envisioned that any such peripheral
output devices be used to provide information and data to the
user.

The computer 900 may operate 1n a network environment
938 through the use of a communications device 940, which
1s integral to the computer or remote therefrom. This com-
munications device 940 1s operable by and 1n communica-
tion to the other components of the computer 900 through a
communications interface 942. Using such an arrangement,
the computer 900 may connect with or otherwise commu-
nicate with one or more remote computers, such as a remote
computer 944, which may be a personal computer, a server,
a router, a network personal computer, a peer device, or
other common network nodes, and typically includes many
or all of the components described above in connection with
the computer 900. Using appropriate communication
devices 940, e.g., a modem, a network interface or adapter,
etc., the computer 900 may operate within and communi-
cation through a local area network (LAN) and a wide area
network (WAN), but may also include other networks such
as a virtual private network (VPN), an oflice network, an
enterprise network, an intranet, the Internet, etc. It will be
appreciated that the network connections shown are exem-
plary and other means of establishing a communications link
between the computers 900, 944 may be used.

As used herein, the computer 900 1ncludes or 1s operable
to execute appropriate custom-designed or conventional
software to perform and implement the processing steps of
the method and system of the present invention, thereby,
forming a specialized and particular computing system.
Accordingly, the presently-invented method and system may
include one or more computers 900 or similar computing
devices having a computer-readable storage medium
capable of storing computer-readable program code or
instructions that cause the processing unit 902 to execute,
configure, or otherwise implement the methods, processes,
and transformational data manipulations discussed herein-
aiter 1n connection with the present invention. Still further,
the computer 900 may be in the form of a personal computer,
a personal digital assistant, a portable computer, a laptop, a
palmtop, a mobile device, a mobile telephone, a server, or
any other type of computing device having the necessary
processing hardware to appropriately process data to eflec-
tively implement the presently-invented computer-imple-
mented method and system.

It will be apparent to one skilled 1n the relevant art(s) that
the system may utilize databases physically located on one
or more computers which may or may not be the same as
their respective servers. For example, programming soft-
ware on computer 900 can control a database physically
stored on a separate processor of the network or otherwise.

Although the mvention has been described 1n detail for
the purpose of illustration based on what 1s currently con-
sidered to be the most practical and preferred embodiments,
it 1s to be understood that such detail i1s solely for that
purpose and that the invention 1s not limited to the disclosed
embodiments, but, on the contrary, 1s mtended to cover
modifications and equivalent arrangements that are within
the spirit and scope of the appended claims. For example, 1t
1s to be understood that the present invention contemplates
that, to the extent possible, one or more features of any
embodiment can be combined with one or more features of
any other embodiment.
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What 1s claimed 1s:

1. A mental modeling method, comprising:

providing, by a processor, at least one expert model, the
at least one expert model comprising an analytical
framework that summarizes subject matter expert-level
knowledge;

providing, by the processor, at least one mental model of
at least one 1ndividual that summarizes subject matter
individual-level knowledge; and

modilying, by the processor, the at least one expert model
based on the at least one mental model to provide at
least one updated expert model by embedding infor-
mation and data from the at least one mental model
within the at least one expert model 1n at least one
multimedia representation, wherein a knowledge and
understanding component of the at least one individual
including i1mages and text indicating information
known by the at least one individual and a gap com-
ponent of the at least one individual including 1mages
and text indicating information not known by the at
least one mndividual are embedded from the at least one
mental model within the at least one expert model 1n the
at least one multimedia representation, and wherein the
at least one multimedia representation of the updated
expert model 1s provided via a user interface,

wherein a misunderstandings component including
images and text indicating information misunderstood
by the at least one individual, a priorities component
including 1mmages and text indicating a priority of
information to the at least one individual, and a trust
component including images and text indicating a
credibility of a source of information to the at least one
individual are further embedded from the at least one
mental model within the at least one expert model 1n the
at least one multimedia representation, and

wherein the at least one expert model 1s modified based on
the at least one mental model to structurally alter the at
least one expert model to provide the at least one
updated expert model in which an 1mpact of the com-
ponents embedded from at least one mental model 1s
visualized 1n the at least one multimedia representation
and the components from the at least one mental model
are linked to the at least one expert model,

wherein the at least one expert model, the at least one
mental model, and the at least one updated expert
model are linked such that, 1n response to a user
clicking through one of the at least one expert model,
the at least one mental model, and the at least one
updated expert model, another one of the at least one
expert model, the at least one mental model, and the at
least one updated expert model 1s visualized in the at
least one multimedia representation, and wherein click-
ing on a node of the at least one expert model, the at
least one mental model, and the at least one updated
expert model displays neighbor nodes to that node 1n
the another one of the at least one expert model, the at
least one mental model, and the at least one updated
expert model.

2. The mental modeling method of claim 1, further

comprising;

receiving, by the processor, unstructured data; providing,
by the processor, at least one coding guide for coding
the unstructured data to create structured data.

3. The mental modeling method of claim 2, further

comprising;
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data mining, by the processor, the unstructured data

and/or the structured data based on at least one prede-
termined algorithm to automatically create at least one
concept map.

4. The mental modeling method of claim 3, wherein the

expert model 1s provided based at least partly on the unstruc-
tured data, the structured data, and the at least one concept

map.

5. The mental modeling method of claim 3, further
comprising;

analyzing, by the processor, the structured data to create

the at least one mental model.

6. The mental modeling method of claim 1, wherein the
updated expert model comprises at least one influence
diagram.

7. The mental modeling method of claim 1, further
comprising linking the at least one updated expert model
with a plurality of different models.

8. A mental modeling system, the system comprising:

a computing device connected to at least one network,

wherein the computing device 1s configured to:

acquire, from at least one 1nput, unstructured data;
provide at least one expert model, the at least one expert

model comprising an analytical framework that sum-
marizes subject matter expert-level knowledge;

provide at least one mental model of at least one 1ndi-

vidual that summarizes subject matter individual-level
knowledge; and

modily the at least one expert model based on the at least

one mental model to provide at least one updated expert
model by embedding information and data from the at
least one mental model within the at least one expert
model 1 at least one multimedia representation,
wherein a knowledge and understanding component of
the at least one individual including 1mages and text
indicating information known by the at least one 1ndi-
vidual and a gap component of the at least one indi-
vidual including images and text indicating information
not known by the at least one individual are embedded
from the at least one mental model within the at least
one expert model 1n the at least one multimedia repre-
sentation, and wherein the at least one multimedia
representation of the updated expert model 1s provided
via a user interface,

wherein a misunderstandings component including

images and text indicating information misunderstood
by the at least one individual, a priorities component
including 1mages and text indicating a priority of
information to the at least one individual, and a trust
component including images and text indicating a
credibility of a source of information to the at least one
individual are further embedded from the at least one
mental model within the at least one expert model 1n the
at least one multimedia representation, and

wherein the at least one expert model 1s modified based on

the at least one mental model to structurally alter the at
least one expert model to provide the at least one
updated expert model 1n which an impact of the com-
ponents embedded from at least one mental model 1s
visualized in the at least one multimedia representation
and the components from the at least one mental model
are linked to the at least one expert model,

wherein the at least one expert model, the at least one

mental model, and the at least one updated expert
model are linked such that, 1n response to a user
clicking through one of the at least one expert model,
the at least one mental model, and the at least one
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updated expert model, another one of the at least one
expert model, the at least one mental model, and the at
least one updated expert model 1s visualized in the at
least one multimedia representation, and wherein click-
ing on a node of the at least one expert model, the at
least one mental model, and the at least one updated
expert model displays neighbor nodes to that node 1n
the another one of the at least one expert model, the at
least one mental model, and the at least one updated
expert model.
9. The mental modeling system of claim 8, wherein the
computing device 1s configured to provide at least one
coding guide for coding the unstructured data to create
structured data.
10. The mental modeling system of claim 9, wherein the
computing device 1s configured to data mine the unstruc-
tured data and/or the structured data based on at least one
predetermined algorithm to automatically create at least one
concept map.
11. The mental modeling system of claim 10, wherein the
expert model 1s provided based at least partly on the unstruc-
tured data, the structured data, and the at least one concept
map.
12. The mental modeling system of claim 10, wherein the
computing device 1s configured to analyze the structured
data to create the at least one mental model.
13. The mental modeling system of claim 8, wherein the
updated expert model comprises at least one influence
diagram.
14. The mental modeling system of claim 8, wherein the
computing device 1s configured to link the at least one
updated expert model with a plurality of different models.
15. A computer program stored on a computer memory
and executing on a processor which, when used on a
computer apparatus causes the processor to execute steps of
a mental modeling method, the method comprising:
providing at least one expert model, the at least one expert
model comprising an analytical framework that sum-
marizes subject matter expert-level knowledge;

providing at least one mental model of at least one
individual that summarizes subject matter individual-
level knowledge; and

modifying the at least one expert model based on the at

least one mental model to provide at least one updated
expert model by embedding information and data from
the at least one mental model within the at least one
expert model 1n at least one multimedia representation,
wherein a knowledge and understanding component of
the at least one individual including 1images and text
indicating information known by the at least one indi-
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vidual and a gap component of the at least one 1ndi-
vidual including images and text indicating information
not known by the at least one individual are embedded
from the at least one mental model within the at least
one expert model 1n the at least one multimedia repre-
sentation, and wherein the at least one multimedia
representation of the updated expert model 1s provided
via a user interface,

wherein a misunderstandings component including

images and text indicating information misunderstood
by the at least one individual, a priorities component
including 1mages and text indicating a priority of
information to the at least one individual, and a trust
component ncluding images and text indicating a
credibility of a source of information to the at least one
individual are further embedded from the at least one
mental model within the at least one expert model 1n the
at least one multimedia representation, and

wherein the at least one expert model 1s modified based on

the at least one mental model to structurally alter the at
least one expert model to provide the at least one
updated expert model 1n which an impact of the com-
ponents embedded from at least one mental model 1s
visualized 1n the at least one multimedia representation
and the components from the at least one mental model
are linked to the at least one expert model,

wherein the at least one expert model, the at least one

mental model, and the at least one updated expert
model are linked such that, in response to a user
clicking through one of the at least one expert model,
the at least one mental model, and the at least one
updated expert model, another one of the at least one
expert model, the at least one mental model, and the at
least one updated expert model 1s visualized in the at
least one multimedia representation, and wherein click-
ing on a node of the at least one expert model, the at
least one mental model, and the at least one updated
expert model displays neighbor nodes to that node 1n
the another one of the at least one expert model, the at
least one mental model, and the at least one updated
expert model.

16. The mental modeling method of claim 3, wherein the
at least one concept map includes a plurality of concept
maps, and wherein the plurality of concept maps are com-
bined to create a summary concept map.

17. The mental modeling system of claim 10, wherein the
at least one concept map includes a plurality of concept
maps, and wherein the plurality of concept maps are com-
bined to create a summary concept map.
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